Abstract: The effects of hydrochloric acid (HCl) on the formation of calcium hydroxyapatite (HAp) particles produced by aging Ca(OH)2 and sodium triphosphate (sodium tripolyphosphate, Natpp: Na5P3O10) mixed solution at 100 o C for 18 h were examined. The effect of addition of urea was also investigated. In the absence of HCl, the spherical secondary particles with ca. 60 nm in diameter composing by aggregation of spherical primary particles with ca. 20 nm in diameter were produced. Similar aggregated secondary spherical particles were formed up to HCl concentration ([HCl]) of 8 mM. On the contrary, the particles produced at [HCl]≥12 mM were elongated to c-axis and exhibit aggregated rod-like shape, though those produced at [HCl]=20 mM were spherical aggregates with ca. 20 nm in diameter. All the particles produced at
INTRODUCTION
The authors have investigated on calcium hydroxyapatite (Ca10(PO4)6(OH)2, HAp) for using the material as an adsorbent for liquid chromatography, because HAp is a major inorganic component of biological hard tissues [1] [2] [3] [4] . Although HAp is one of the metal phosphates, controlling the particle shape and size is very difficult because of its low solubility product.
Since the hydrolysis of condensed phosphate ions, such as diphosphate (pyrophosphate, pp: P2O7 4- ) and triphosphate (tripolyphosphate. tpp: P3O10 5- ) ions, is endothermic process [5] [6] [7] , the phosphate (orthophosphate: PO4 3- ) ions can be produced slowly by heating the solution, so called as a forced hydrolysis reaction.
Therefore, it can be expected that the forced hydrolysis -38 -reaction of the mixed solution of Ca 2+ and condensed phosphate ions can be applied for producing new calcium phosphate particles with unique shape and inner structure. As following this idea, the authors investigated in a previous study on the formation of calcium phosphate particles by using Ca(OH)2-tpp mixed solution 8 . It was found in the previous study, however, HAp was only produced at a restricted region;
high concentration of Ca(OH)2 and low concentration of tpp with a high pH value. Therefore, the mixed solution before aging was slightly changed turbid, suggesting that very fine particles are produced before aging. A time resolved TEM experiment revealed that the very small amorphous particles precipitated before aging are grown and aggregated to ellipsoidal particles during aging. These tiny particles were played the role as nuclei for HAp crystallization. However, the characterization of HAp particle was not done and only monodispersed amorphous spherical particles produced from clear solution were examined in detail 8, 9 . To produce HAp in this system, much efforts should be done for increasing hydrolysis fraction of tpp. Since it is known that the hydrolysis reaction of tpp is accelerated with acids such as hydrochloric acid (HCl) 6, 7 , the addition of HCl in the solution is expected to be a more suitable method for producing HAp particles. Therefore, the authors investigated the effects of the addition of HCl on the formation of HAp under the same condition examined in our previous study. It is also well-known that the homogenous precipitation technique is an easy procedure for obtaining uniform HAp particles [10] [11] [12] .
Urea has been widely used as a homogenous precipitation agent to synthesize HAp. Hence, we also examined the effect of urea in this study. 
RESULTS AND DISCUSSION
Particle morphology and crystal form: The upper and lower values in the picture represent pH values before and after the reaction, respectively.
-40 - This result supports the fact that the tpp molecules are hardly hydrolyze to orthophosphates even though the systems contain 2~8 mM HCl. On the contrary, the sample E possesses Ca/P ratio of 1.52. This value is less than the theoretical value, suggesting that the calcium deficiency is stronger than the phosphorus one. This fact was due to the high hydrolysis fraction of tpp as was observed by pH values in Fig. 1 HCl, especially at [HCl]=16 mM. For the amorphous particle (sample F), the Ca/P molar ratio is closed to unity. The sample F after heated at 800 o C for 2h in air was crystallized to -Ca2P2O7 as shown in Fig. 3 . This result supports the fact that the Ca/P molar ratio of the sample F was nearly unity. It is well known that the production of HAp is known to encounter at pH=9~12 -41 -
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. Hence the production of HAp is hardly to take place for producing sample F because the solution pH of this sample before aging was 4.8. Even though the hydrolysis of tpp was accelerated, it is regret that the solution pH was too much low for the production of HAp. 
Specific surface area:
The specific surface area (SN) of the samples was calculated by applying the BET equation to the N2 adsorption isotherms measured using a cross-sectional area of N2 molecule of 0.162 nm 15 .
The SN values are also listed in Table 1 by arrows in Fig. 1(E) .
in-situ IR spectra:
To characterize the surface structures of the produced HAp particles, in situ IR spectra were taken using the FIGURE 5 in-situ FTIR spectra of samples A~F as shown in Fig. 1 together with the spectrum of single crystalline HAp particles produced from coprecipitation method as shown a TEM picture (dotted line) from reference (16).
-42 -self-supporting method in vacuo. or almost disappear (sample D). Since these particles possess the high Ca/P molar ratios larger than 1.67 as listed in Table 1 , it can be presumed that the protonation of surface PO4 3-ions is not necessitated. Indeed, only the sample E with Ca/P molar ratio of 1.52 with the largest particle length exhibits surface P-OH peaks at . Since the surface Si-OH groups reported silica gels is 3740 cm -1 18,19 , this band can be due to the surface Si-OH groups. Hence, it seems reasonable to assign the 3740 cm -1 band to the Si-OH group produced from the silicate ions dissolved from the Pyrex glass vessel during the preparation under basic condition with pH≥10 before the reaction (Fig. 1) 
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. Indeed, the intensity of 3740 cm -1 band is decreased with decease in the solution pH from samples A to E.
Effects of urea:
As described in a previous section, the hydrolysis 
